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A rote In llgnmcaBon and arowfl, fer plant phenylcoumaran benzylfc 
ether reductase. 

neductaM (PCBER) h Ognifcatioo and growtf, of plant.. More oamcutar^ . 
bioniassproduc(tenofthentenLTllea«cl»r=.H^- . »»naaiii3n8r 
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DeM-od.»„«^ j,,.^'';;^'^^^ "^^ de„,o„s»=«d. 

.n ten^s Of the. chen^lca, stmctu;., ,.g„ans ^osely related to Kgnln. w«h which 

they share common phenylpropanoid precursors (Ayres and Lolke 19L b1 , 
fonnatfori and the first sten in m«««iv. ■ ''S"^" 

blmolec^ar pL^^ 117 ^ to arise via 

ratterdohotshowanymeasurThl ' 7 ""^'^ 

101 snow any measurable optical activity (HiguchI, 1997). 
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Some enzymes have been shown to be involved specifically in lignan synthesis. 
Including phenylcoumaran benzylic ether reductase (PCBER). A poplar PCBER has 
been shown to catalyze the non-enantlospedflc IMADPH^ependent redudtion of the 
benzylic ether functionality in the S-S^linked lignans dehydrodfconiferyj alcohol and 
5 dihydrodehydrodiconiferylalcohol (Gang et a/., 1999), Remarkably, PCBER Is one of 
the most abundant proteins fn xylem (Vander Mijnsbrugge et al., 2000b) and its EST is 
highly abundant In xylem EST libraries as well (Sterky et al., 1998). PCBER has been 
detected in all cell types of differentiating xylem and in differentiating phloem fibers of 
both poplar (Vander Mfjnsbaigge et a/., 2D0Oa, b) and pine (Kwon et al. 2001). 
JO Because of the dose association with lignilylng ceils, it ha^ been hypothesized that 
PCBER may be involved in the Infusion of lignans In the secondary cell wall (Vander 
Mljnsbmgge et bL. 2000b). On the other hand, the well-known antioxidant properties of 
lignans may point towards a protective role of PCBER during llgnffication, a process 
Involving the generation of acHve oxygen species (Vander Mijnsbnjgge etaL, 2000b). 
15 Sun^ris^ngly, we found that, beside the known fUnc^ans of PCBER. down- 

regulation of PCBER resulted in a tower llgnin concentration and a higher biomass. 
especially a higher stem blomass. Moreover, downregulation of PCBER resulted in a 
higher concentration of soluble phenolics in the plant, which results in a higher 
resistance to plant pathogens, including, but not limited to herbrvoric insects and fungal 
20 infecBon (Hwang and Undroth, 1997), 

One aspect of the Invention is the use of PCBER to modulate plant biomass, 
compared to the plant blomass of a non4reated control Preferably, saM PCBER Is 
originating from a plant selected from the group consisting of Betula pendula, Pinus 
taeda, Tsuga hatemphylla, Thuja plicae, Forsythia x Intermedia, Populus tricharpa, 
2S Solanum tuberosum, Ntpotanla tabacum, Zea mays, Arabldopsds thaliana, PInus 
pinaster, Avicennia marina and Pynis communis. More preferably, it Is a PCBER 
enzyme from Populus balsamifera subsp.trichooarpa, even more preferably it is an 
enzyme comprising SEQ ID N"* 2, even more preferably it is an en2yme essentially 
consfeflng of SEQ ID 2, most preferably it is an enzyme consisting of SEQ ID N** 2. 
30 Preferably the plant In which the modulation of biomass Is obtained is a tree. More 
preferab^, said plant is a poplar tree. 

InLgng prefenred embodi'm erTt^aidjJse is the repression of the activfty of PCBER, 

resulting 'in an Increase of plant biomass prefisrabfTanTricrease of plaiF^em biomass. 

lncfeaseUD.±uo0aaRjij[eaDs^veiv_ pheno^^^ that results in an mrr^o of plant 
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unUrrttBd example, an increase In d.m ii.-^ as an 

'"«rforenc. e»n ZZL^ .T" "' RNA 
P™^>/, saw inc^ T"""" ^ ~-PPrasa,oa 

. ...a, cZimrr :c:7ira ^.r 

-^nolher preferred embodlmert is the use of pcbfh i„ »^ , . 
<»npaiedtoll,ep|antbion,ass^=. T 

o«a»»d under ei^d ^^.r^^^^T'Tl "^-^ - 

P^Vby,^^':^:^l^,*^\"^'-=™ -*ense Rf^ even n,o« 

in Plan, ^ acco^panted r""' '^'^ 

conc=nl,a8onofsolul,tepl,en<^!l„ \^ ^"^ ="<^" = "Shoi- 

a H..a, rea^^nce . r:::r::z'jrr.^,:r^- 

untreated control. infection, comparecT, to the 

P*aW«™a,« ben^lic ' T"^ "^"^ ' 

-no^i..^co.::^^::tr:rrrz°^'^ 

A preferred embodiment is the n,^th«w ^ ' "^^^ ®® antisense RNA or as RNai. 

modula«o„,sant,crea.eofpla«6,o,^ ^"^-^ 

I invention. Preferably. 8a«i genetically modified plant is 
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expressing PCBER antisense RNA, more preferably, said genebealDr modified plant is 
expressing PCBER RIMAi. Prefefably. said genetically modified plant has an increased 
bionnass, preferably an increased stem biomass. 

In a preferred embodiment, said Increased biomass is obtained under elevated CCfe 
5 concentration. Preferably, said increase in plant biomass is accompanied by a lower 
lignin content and/or a liigher concentration of soluble phenolics and/or a higiier 
resistance to pathogens, preferably a higher resistance to herbivoric insects and/or to 
ftjngal Infection, compared to the untreated control. 

Preferably, said genetically modified plant Is a tree, even more preferably, said 
10 genetically modified plant is a poplar tree. 

Definitions 

The following definitions are set forth to illustrate and define the meaning and scope of 
various terms used to describe the invention herein. 

Phenylcoumamn benzyllc ether reductase means any enzyme activity that can reduce 
the benzylic ether functionalities of both dehydrodiconiferyl alcohol and 
dihydrodehydrodlconlferyl alcohol, as measured and described by Gang et al. (1999); it 
does not exclude that the enzyme can be active on other substrates too. nor does it 
Imply that the substrates mentioned are the preferential substrates. As a non-limiting 
example, it is chosen from a gmup of proteins from Betula pendula (Entrez protein 
accession number AAG22740, AAC05116). Pinus taecfa (AAF64173). Tsuga 
hetemphylla (AAF04185. AAFe4184. AAF84ia2, AAF64181, /^AF84180. AAF64179 
AAF64178. AAF64177. AAF64176). Thuja plicata (AAF84183). ft/syttfe x intermeOa 
(AAFe4174. AAF64174). Populus balsamffera subsp.triGhocama (CAA0e709 
CAA06708. CAA06707. CAA06706). Sa/anum tubarvsum (P52578). Mcofanfe 
tabacum (P52579). Zea mays (P52580) or from b group of proteins encoded by a 
nucleic acid from Arabtdopsis thabana (genbank accession number NC_003075 
NM_119ei9), Phus p/naster (AL750375. AL750211). Avlcennia marina (BM173321)' 
Pynjs cdmmunis (AF071477) and Pinus taeda (AF0ai678). Preferably, it is a PCBER 
enzyme from Popukis balsamHera subsp.fWc/ioca/pa. more preferably it is an enzyme 
comprisi<,g SEQ ID N" 2. even more preferably it is an enzyme essentially consisting of 
A^_'P_(!il2, most preferably it is an enzyme consisting of SEQ ID W 2. 
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>^pms^ cf fte ^ Of phenylcoumaran ether «,uote« as a«d he» 

un*r me seme condWons. The oom™i <tepends up™, fte way of ,op«,IZ«|. ^ 

a»«<W CP. «^ft,„ as uaed here, mea™ a„y co«em«lo„ *a. h 
J«ca«V mahe, ftan .he ambiert «>„oem«t„„ ,3a6 ppn, COrf. Preferabt,T» ^ 

T """" Phl^lologta,! oonfflHons. and able to decrease 

fte efflcie^ Of ben««»« of .aid „RNA ^teoute. a. co™pa« a Pon^ 

no such hybiidteation can take ptaoe. -wniroiwnere 

5 '^SER/WM/asusedhe.en.eansa.vlWtha.oanfunotalnanWWinb^^ 
n.echa„»„,. amongst othe,e descm«d by 1*;,^ « e,. ,1888, 7^^^^ 
»^sistsofshortR^«.^aame„.sa.a,sck«d^nVVO(OM321. ^'^"^■'^ 

Brief deseriiMion «f the figures 
10 Rg,1 

p^pcaa,andp.^^.^,r:;: 

m =e„se or anesense o*«a.lon,-i.»*ed ^^^m,ly.,:M^Z^^J^T 
^ros, and a, the S'end by ^ ^^J^ Ct^ZT^Zt 

^a contain *e gene as a setectabta „«d<e,. ..^d. LLT.^^ 
•ynSiase promoter (pNOS). LB, |eflboidenRB.rtBhtboKler «» "opalno 

FI9.2 

^ Z^^^lrr^ n«,™h oid, g^n,»«e^ 

Hopiare using ABPIL1 (polyclonal antibodies against ooDlar POrpr^ ;« ^- 

11000. ^ , contoithe bio, was rehybrid^ 1 

PCBERsSPOBPR- A«Dii . ^. • "w'caiea. (SPIL cosuppressed 

oDcn - 5>POBER, ASPIL- anbsense PCBER = ASPCBER) 
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Fig. 3 

Stem biomass (dry mass per plani) of P. x canescens wild iype (whfte columns) and 
the cosuppnessed lines PCBER207 (black column, A) and PCBER201 (grey column. 
B) grovwi for 9 -10 weeks in the gieenhousa Data indicate means (ns5 - 6 plants, ± 
5 SD), 
Rg.4 

Nitrogen (% per dry mass; A) and soluble carbohydrates (sum of glucose, fructose, and 
sucrose. B) in the apical stem segment of P. x canescens wild type (white column) and 
PCBER down-reguiated poplar line SPCBER201 (grey column). Data indicate means. 
10 (n=5 - 6 plants, ± SD). 
Rg.5 

Mean PCI value for each poplar line in each experiment expl. experiment 1; exp2. 
experiment 2. 
Pig. 6. 

15 Distribution of the coefficient values associated with PCI for each of the 60 peaks 
Fig. 7 

Lignin content in wood of wild type and transgenic poplars with suppressed PCBER. 
LIgnin was detemilned with the Klason method in cell wall residuals of wood from fiva- 
month^ld. greenhouse^nown wild type (white bars) and transgenic poplars down- 
regulated for PCBER (lines SPCBER207 (dark gray bars) and ASPCBER313 (Rght grey 
bars)) Three IndivWual plants per line, grown In identical conditions, were analyzed. The 
data presented ai« means of two to four measurements per plant and are expressed as 
weight percentages of extractlv&free oeU wan residues (CWR). The standard enors are 
indicated. 
Fig. 8 

PCBER (A) and lignin (B) in basal stem parts of wlkl type (WT) poplar (P. x canescens 
(while columns) and in plants with suppressed PCBER (line SPCBEFJ207: black 
columns;, line SPCBER201: gray columns). Ugnin was determined in the same tissues 
by the LGTA method (l\/laterials and methods). 
Fig. 9 

Typical cross sections (40 pm) of lignifying (Fig. 2 A) and differentiated xylem (Hg. 2 B) 
^ken-fro^-green,_1_4o.2=week.oid.andJrom.raature_7^to.8Mee^^^ 

X canescens, respectively. The sections were stained with phloroglucinol/ 

ignin.-Sectfon-used-for-FnR^nicroscopy-arB-indieated-by-the^frame^ell-wall I 
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boundj^™*^ ,„«li«d in s««o™ (40 ^; 2 <M) Of poplar wood o, 
m.w„dfi^e(C,E.F,andSPCBER201 (D).Th.»«,««e9™™„™te,*vated(F)or 
amb»„, CC(^n«„B«io„, (c-E). Inse. In CD *ow daWl, of typical »s8els Th. 

^ns w,« s.ai^ v*h 0.1 % („M beh^rhe^fe,. and photoB^ph., under OV. 
m,cn>scope.Magn«ca«on,:10x2S(A).10x40(B).10x20(<M)).10xlO(E^ 

Examples 

MaiBrials and Methods to the examples 

Plant materia/, tmn^irnnatton andplasmfd constructions 

^ulus X canesaens (P. f^uls x P. alta, INRA done 71 7 1 B^) was chosen because 
2^ ctone .3 easny propagated and ^nsfonned. /. vftro plants were rnalnta,ned on 4 

MS medium at22«C^aphotoperiodof16h«gfrtand8hdar,cness.Trar^^^ 
popter was pe^m,ed acconilng to Lep,. et el. (1992). For sense and Tr^ J 

(Ga^ et al.. 1999) was cut from the Bluescrfpt II SK vector and dbned TpUC^ 
-sultang rn the plasmld pUCPCBER33. TOs plasmld was digested^T^^ 
Cloned in pLBR19 in both direc^ons. .suKing In the plasmlds caT^^B^^BER 
^ense constn^ct) and pLBRASPCBER (antfeense construe). From the^ 

and the CaMV tem.„ator sequence, were cut by a partJa, lest 
Cloned m the binafy vector pBIBHYG (Becker laom - - - 
D70S«5Pf-Rco/« X (HeoKer, 1990), gmng nse to the plasmlds 

P70SSPCBER (sense) and P70SASPCBER (antlsense) 




25 



Qrowth conditions < 

J^e am, tansganlc poplar- downnaaulated fcr PCBER <SPCBeR201 
SPCBER207 and ASPCBER313, „e™ plated *, ^ on «s JL^^^ 
& a.00,. loaa, and planlWs ^ ^ ^ ^^^^ Z^Tt^ 

a«62rr"'^'°"'"'"*^'^'^"*'»"'"'^«««P^ 
and 6 rathets in the second experiment. «Henment 



30 HPLC Analysis of Soluble Phenolics 

p a soalpal Alter homoflenlaallon in liquid nltos... axfracllon was dona 
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With 15 ml of methanol and samples were stored at -20» C. A l^nl aliquot of the 
supematants was freez^ried for HPLC analysis. The subsequent llquld-liquid 
extraction, separation and chromatogram integration were perfom»ed as previously 
described (IWeyermans at a/.. 2000). Quantification was based on the maximum 
5 absorbance value between 230 and 450 nm and expressed as % peak height, /e the 
height of the peak of interest relative to the sum of all peak heights in the 
chromatogram. Dehydrodiconiferyl alcohol (DDC) was Identified within the 
chromatogram by spiking with a standard (kindly provided by A. Boudet). 

10 Stefet/cal analyses ofsoMyfe phenoSos 

A prtndpal «»„ponert analj«h (PCA) d=« «, ,11 infeg^ ^^0 peate) 
»o«<««d bj, a Vadmax mlatioi, uaing «» ^„ spSS10.o; The 7 major pnrcipa! 
componams (PC), explaMng to9«t«r appn>ximateV 80 % of tha «rta„« ef tha WBal 
<lata aat. w»« retained ant objected to tm^ anOVA (« = o.ooi) followed by an 

.5 LSD po«lH» tea, („.a05) to «veald«fe«™«be*«en wild and each o,«,e 
transaenle lines. AddHionall/, a lw»«y ANOVA (a = 0.10) was applied to the % paak 
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Owmth commons anO sampling for growth analysis 

in irmal axpedmenls. rooted plantlets were potted In standard garden co™«st 
Wfa^d ,0 areenhouse condWors (20-C) w», the same photcpenod as for th. 
<^ For dualled clwactertzatlon of wM type and transgenic poplans 

nTT' r """^ i^rTJ^n 
mropo^ cum» h mod«ed Ung Ashton n^^ ^ 5.5. „^ , „ ^ 

T^^^'t ' """" *1-3MM K^PO. 

znso. 0.2 MM CUSO. 10 pM EDT^ 5 pM FeC,,. -nie m«ta was chang^ o„oe" 

-^-*^LOs™cot^Bk.^(C™,rolled_8etease.^ 

^ ^ « and onoe a weeks'" 

--**rt.per(HaRaphos^^,^ompos.„,^,^^^^^^^^^ 
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day and night). ^t-i-^e c during 

were dried for 120 h at 60 -r fi^. k- ^ " ^ «ored at -80 'C. Further aliquots 

Clone 71 / 1 B-4) and the transgenic poplar iine SPcnmnt v , inrw 

cult,™ ,n modMed l^AMon medium. TI»n««™ „a»e^Z^ 

a per plant The plants vvere transferred into «r^„h ' 

concentrations, respectively The CO ^ ^ P""' CQz 

addison to daylight, the pta* ^ Iwdleted C el . ' '™°"* 

'«>»»'elH«w»melntalnede,24.0±1.4-Cduri.«aaya™irt8ht 
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After nine weeks, stem sections of knovim age were harvested: wood wfth secondaiy 
growth (7^ weeks, debarked) and young, elongating stem (1-2 weeks). Samples were 
taken in 6 replicates per treatment and line. Aliquots of the tissues were frozen in liquid 
nitrogen and stored at -80 "C for further analysis. 

5 

LTGA and Klason-llgnln content determination 

The pellets otrtained after extraction of the soluble phenolics were washed twice (10 
mm. 180009. 4 "C) with 2 ml n-hexane (Merck, Damistadt, Gennany). dried for two 
days at 70 X and subsequently weighed. This fraction represented cell walls. The 
pellet was homogenized in four ml of 1 M NaOH. The suspension was de-aerated for 
15 min by bubbling Na into the mixture (Messer, Griesheim, Germany). Subsequently, it 
was incubated Ibr 60 min in an ultrasonic bath and cenfrfluged. The extraction mL& 
repeated. The pellets were washed twice with 2 ml distilled water, dried and used for 
lignin analysts. Lignins were detemiined by derivatization with thioglycolk; add 
(Blaschke et at. 2001; adapted after Bruce and West. 1989). Standard cun/es were 
produced with commercial lignin (alkaline spruce lignin.. Sigma-Aldrich. Deisenholen. 
Qemriany). Alternatively. Klason Ugnin content of cell wall residuals was estimated 
according to the method of Efiland (1977). For the latter, cell wall residuals are the 
dried residues obtained after successive extraction of the freeze-dried and ground J 
20 wood with toluene:ethanol (2:1 ; v/v), ethanol and water. 

Protein ^draoO&t end Wesfem blot analysis 

Scraped tissues were extracted in 100 mM TrIs-HCL pH 7.6, 2 mlVI EDTA and 20 % 
glycerol. Protein concentrations of the extracts were measured after Bradford (1976) in 

25 supematants after centrifiigation (twice. 5 minutes). 15-20 pg protein per slot was 
loaded on SDS^els. Immunodetection was perfomied according to the manufacturers 
instmctions (Amersham, Aylesbury. U. K.) employing Tris-buffered saline Tween (TBS- 
T) Instead of phosphate buffered saline Tween (PBS-T). Antibodies against poplar 
PCBER Were used In a dilution of 1/1000 to detect the 37 kDa PCBER protein (Vander 

30 Mijnsbn^ge et a/., 2000a). 
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Carbohydrate and nitrogen a nalysis 

For nitrogen analysis, dry plant material of young, expanding poplar shoots was'T^i^ 
-Aliquot&|0f_iL6dJUng_j«giej«e!g.b^^ 
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(71.09 !4 C; 10.36 % N; Cario E*a .nsi™m«nt», Rodano KaW "'^s™'"* 

~pe™«a«B wa» used ana,^ csucmse, D^i^o^ ^ W^dosa amptoT 
an an^™tfc<Mt(Boahilnger. Mannheim. Gamrany). "^wyins 

'■^''•Imninalonofptainsgnmiindarelmmeaco, 

paneb o«ain«. alter axh»«,», a, ca« wa.H«,„, p,«„o„« ,„,o^ 

!!I 2 ml dMIW water, dded and «ed fer «s„^ 

^-i^^- datem^ned by dertvatisaBon M«h thioB^oono acM fa^^ 

d«^ in exsno^on coe«<»a« ^, „„^, „8.8, ^ Z^^Z^ 
•he date ware conected by a factor 011.32. 9«P«mlignina (14.4), 

20 Light and Huorescence microscopy 

40.,^ c™» »e™ cut »«, a sUdlnj^oma (RalohardWuna 

™^0^ ^ (w/v) bart^nna^unwe In water ft,rlocali«ft,n of phenCo con,pounda The 
25 ^ '-"'"S-Phed ««h a dSltel eama.. (Coot,h 990. N«on, tJU) „^ , 
25 ™"»«W(A«=Plann.lo™cop.andUVBterUV^3e6.bo*Za,sa.Gan«„7^ 

FTiR- ffiictoscopy 

Stem secdon. (40 pm) we,B used for re«»d,n9 FT-IR spe<*a usinfl a FouK- 

*«»ins. «,e ape*™ ™a adiusted to »an» on^ Td^,^ p^oHTr 
«ann^. The fca„sn*«on n»da was used and 100 scans v»« atum^. 7 
P-oducas spactnim owr the 4000 to 700 en.-' wa»ani«ni!r^ ^ acoumulatad <o 
j uvioroucm wavanumlier range at a resolution of 8 
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cm-\ A background was scanned using the gemianJum plate tree of any tissue and 
500 scans were accumulated to produce the transmission speclram in the 4000 to 700 
cm ' range and displayed in absorbanoe mode. All measurements were repeated 
twice. After baseline and backgnsund conection with the Blorad Win-lfR software the 
5 absorbance spectra were stored as Aso-ll-files for further analysis. 

The absorbance at wavenumber 1325-1330 cm"' due to syringyl ring breathing and the 
absorbance at wavenumber 1266-1275 cm-' due to guaiacyl ring breathing (Faix, 
1992) were used to detennine the ratio of S- and &-units of lignin. The band at 
899 cm-', due to the anomerlc C-O stretch in cellulose (Hergert. 1971) was chosen as 
the band to represent carbohydrate. The bands at 1740 cm ' (C=0 streteh in 
unconjugated ketones, carbonyf and ester groups; Hergert. 1971; Faix. 1992) and at 
1030-1085 cm^ (C-H. OO defomiatfons; Hergert 1071: Faix.1092) weiB measured to 
ensure that changes in S- and G-bands am not caused by a shift to carbonyl groups. 
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Sfatistioal analysis 

Statistical analysis was perfomied with the software STATGf^PHICs (STN, st Louis. 
USA) using multivariate analysis of variance followed by a multiple range te^ (LSD) to 
evaluate significant effects. Data In the tabfes and figures indicate means of Indnrfdual 
20 plants (n=5 to 6; ±SD). 



a«mp/o 1: ConstrveHon of sense end antlsense PCBER vectois and 
transformation of poplar. 
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To address the biological function of PCBER, transgente poplars were produced that 
expressed a fUll-length sense and a fulHength antlsense gene constnjct under the control 
of the CaMV 70S promoter, a schematic representation of the T-DNA constructs Is 
shown in Figure 1. Agrvbaoterium-medi^ed transfomiation of poplar yieMed up to 50 
transfbn^ants for each construct Greenhouse^rown transgenic poplars wer^ screened 
by protein gel immunoblot A reduced amount of PCBER in the xylem was observed In 16 
out of 4? plants analyzed for the sense construct (cosuppresslon) and In 7 out of 46 
_Bjantear]alyzed for the antteenseconstmct. 
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5 ^*'W^o»<.fPCBa«««,«..^,^^^ 

« »l awob). a posslbls fUmaw „, pober 1„ ihe Ugnm^on prows, ^ ainoes^ 

•cyuidHon or KCBER In ih© xylem through antlsense fASPrctco-adix ^ 
^sprnl=ar^rY7^ ^ ''^ ^'^^'^^^313) and cosuppressfan 

poplare was analyzed ThePCRPRH« _ °' o'C greenhouse grown 
Prngon e/ a/., 2001) The PCBPp h ' "^^"^ ^" ''999; 

«. « "^Tz^r 

enh.„c«. «^ ^ «rt»hyd«te and nm^gen ^ulT rrr"^." 
poplars ^th suppressed PCBfr ^r^, ^ """"^es. Apical stenu segment of 
•^Le, Zn^'^ '~ Of bom 

subsWi „p™,u«^pcC^^2?^ : ^-PP-^^^ PCBER. The 
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The growth stimulation in poplars with suppressed PCBER resufting in increased stem 
biomass is surprising. Less lignification and perhaps lower ceil wail strfiening may 
enable stronger cell expansion. However, microscopic analysis of wood properties 
revealed no significant anatomical changes in PCBER suppressed poplar. The growth 
5 stimulation can be explained by the internal allocation of resources to growth Instead of 
Bgnin fomiation. We found increased carbohydrate and nitrogen resources In apical 
stem segments of poplar with suppressed PCBER (Table 4). TWs indicates a stronger 
sinic strength of the apex. We suspect that the allocation of increased nutrients 
including nflnogen to the apical stem tissue was not caused by general Increases In 
10 internal nutrient resources in PCBER^uppressed poplars, because leaves, the major 
plant compartment for nitrogen, were relatively NHlepleted In the transibrmed poplar. 
The tfesue^pecific reallocation of internal resources by modulation of PCBER 
suggests the presence of factors controlling sink strength, thus enabling Increased 
growth. 
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Example 4: metabolite profiling 

To investigate whether the decreased consumption of phenylpropanoids for 
lignification had upstream effects on the accumulation of soluble phenolics HPLC 
separations were perfbmied of the methanol soluble phenolics present in xylem tissue 
of wild type and the transgenic poplar lines SPCBER201. SPCBER207 and 
ASPCBER313. For two independent experiments, the same 60 peaks were analyzed 
in both experiments. Considering all the resulting chromatograms, conelations found 
between the concentrations of these peaks are due to the use of % peak height for 
quantification and to co-variatlon between peaks as a result of the two experiments 
and Of the downn^guiation of PCBER. Applying Principal Component Analysis (PCA) 
reduced the initial data set of 60 peaks to 7 PC of which the fir^t PC (PC1) explained 
35% of the variance (Table 2). To reveal differences in the values of these 7 PC 
between the poplar lines on one hand and between the two experiments on the other 
a two-way ANOVA was ^uted for each PC. The ANOVA model was only significant 
in the case of PCI (Table 3). Dpwn^egulation of PCBER as well as the incorporation 
Of tu-D drfferem experiments both attributed to this significance. The value of PCI was 
Jncre ased in the transgenic pop lar lines as compared to the wild types (Figure 5) 
The value of a PC is related to the concentration of ea^h^i^i^^b y means of the 
^ffic!e|iassocia^,5^^ 
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acceding to the effect o,»» «,«e«^ „,,h9 

5 POMW o, negaBve, ranged from simple phenolios to clnn«te add de*«li,B, 
^ We .hereto, conc-ude *a. d™^,„^on o, PC8B, ^uZTg,^ 

TTTL T dehyd«dl»„,fe^ elcohd (ODC) e^ 

re^w »^ - " v«™ (Da.^, a/., ,992). DDC a«e«ed 0,e value J 

POr»«» as Shown by ,b ec«we«ofo^. Hcwa«,. «s con«„«o„ was „f „,„^ 
«'P«'3n« because a. lea« 33% ofte, peate Showed a 

ConsT Tk " """-^ »"» could be shoT 

^r^T T' ••CBER than in WW typ, pop^ 

opi»»*.ly to vrf«.v«,u.d be «,pected to, ore b.»« the s«b«m.e.br Pce^ ^ 

sections of wiw type popiar dlsplaym, exan,*, u tssues used tor 
^Ta^ ^ ™»* f youn, elongatin, ,..„, sean^tsT^ 
««eteK^ and =. about T^^eR-oW wood (d,m»««w«, 
9 A and B ,n elongating young «ssues, llgnifcation was n«Wy app,«^ ,„ 

lignriy (Rg. 9 a; vessel diameter 52 t,m\ ir, ^ wanea to 

J*.. causea structural alterations In fevour of natenrj%vm=*v. 

and«««Han<,a,o„.abu„da„ceo,ves«M-11%..ig«Oa.clZt:;^ 
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structural alterations due to elevated CQ. were not found in tranegenic poplar 
^^9^0)"^^"^ ^"'^ '"^ SPCBER201 were not found 

5 ©r^mp/e 6: Ugnin concenMon and composWon under ete^ co, in wIM 
typ^ and transgenic poplars 

Growth under elevated CO. ooncentrafcns resulted in e modest but sfgrtficent 
dlm.„Mt»„ or cell wa, lla„»oe»e„ in yeu„g, elongating ■„ ^ ^ 

m ime SP(aER201. H«»™r. this «„e oontained aigniflcenti, lol llgnin 
10 ™-.«n. ««n tl» w,« M» Crafle 5). ,„ genial, oell waHs of 2.non.hs^d >^od 

contained al«ut 2**« IHoher lignin <»»ert«,|„n. then cell w^^ 
young elongation shoots (Table 5). 

•To investigate whether the Sffi^tio of lignln wa, aflected. when wild type and 

^"^"'=Phnts>««g™»n under elevated (XJ,,«««, and young elongating stem 
15 «i^"«v>«« analysed by ™speci™soopy.Bec«« Of .he ft„IM,B«.l^^^ 
RTR m^«,pe enalysie on single «« wans v«s no, possible. To «d«s, age- 
Stated efbcts, xylem samples of defined developmental stages as Indicated by 
b**.la™ ,„ Fig g A end B»e« chosen «,r analysis. FTIR speotm ofwood shied 
fte typ«»l synngy, band a. wave numben. of ,330-1325 cm ' a™, of «,e guaiacy, 

20 -«»™~o,1270.1275cn,^c.to.laion.of«,eS/G.,a.o,*omthe*^^^ 
« synngyl- and 9u.l«,yH«nd. showed that poplar wood generally contained slightly 
hBher conoenhabons of S. than of SMaffl. ,be was usually lower Ln ■ 

1 (Table 5). Ne«he, In ^d type. ™« m SPCBER201, iirowth u^fer eL^ ^ 
"■"«'3«nir,cantchengesln,he8«>«Bolndlffe«nlia,edxylemaW,le5) 

25 TT«S«3^os Showed, however. ag«lependemshl«,. For wild type. a«s«»«to 
w» decreased ^,h i„c«a«ng age of the xylem CTable 5, bec«Jof an 
por^ Of ^Its. butthe e^dentof th. sb«was mode^ and coneepondedt!^ 
5 % higtTpr concentrations of G- than of S-unlts (Table 5). 
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Tables: 

lafeteJ: «tem height (mm), stem area (mm»). tegf jnltiation per day and tolal bfom«^« 
9 PM) Of .^.type (WD. an.sensa C.0 (T^l, and .osu:,rj:TcZ'ZT, 

in-o, +SD). LSD-Test was used for MANOVA. 



Blomass 
(g plant'^) 




1495±114d 



1.09±0.04c 

/ 



10 




JablSj: TVwHvay ANOVA table obtained fcr the Hr^t . 



Source* 



Model. 



Line effect 
■^ g^ment effect 



Line xjBxperiment 
Error ■ 

Total" ■ 
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Sb!e4. Concentrations of nftrogen (mg g"^ DM) In elongating shoot of P. x canescens 
wild type (WT) and cosuppressed PCBER-planIs (line SPCBER201 and Kne 
SPCBER207). Data Indicate means (± SO; n=5-e). 



WT SPCBER201 


statistics 

P-valua 


WT 


SPCBER207 


statistics 

P-value 


2.09 ± 0.20 2.67 ±0.26 


0.002 


2.87 ±0.11 


3.05 ± 0.24 


0.165 



Table 5: 

LTGA-Lignin (ngnothiogiycollc acid^^g^i^). ratio of syringyl (S) to guaiacyl (G).units 
ratio of S-lignin to cart>ohydrates and ratio of C-H. OO deformations to carbonyl- 
groups in llgnifying (1-2 weeks old young shoot) and differentiated xylem (T-a^week^jid 
wood) of Populus X canesoens wildtype plants and the transgenic lines SPCBER201 
(cosuppressed PCBER) grown under ambient (A) or elevated (E) COa-concentratlons 
Data were calculated on the basis of typical syrlngyl ring breathing (1325-1330 cm"^)" 
guaiacyl ring b^athlng (1270-1275 cm'^). carbohydrate (899 cm"^), carbonyi (1740 cm' 
) and C-H. c-O defomiation (1050 cm-) bands Identified In Fourier transform infrared 
spectres. Data are means (n = 4 to 6. ± SD,)- Dffferent letters indicate significant 
effects at P < 0.05 of each tissue. LSD-Test was used fbr Manova Including data of 
young shoot and mature wood. 



1 Tissue 


Une 


[COJ 


LTGA-Llgnin 
(mg g-* CVV) 


S/6 ratio 


S/carbohydrates 


1050/1740 


Young 
shoot 


WT 


A 
E 


98.75±24.77cd 
84.54±6.07abC 


0.918±0.072ab 
0.958±0.019b 


1.28±0.20a 
1.51±0.55ab 


1.70±0.50ab 
1.41±0.'Ma 




SPC 
BER 
201 


< UJ 


75.31±7.51a 
71.43±13.71a 


0.912±0.048ab 
0.922±0.0l7ab 


1.74±0.40abc 
2.22dt:0.62c 


l,94±0.36b 
1.36±0.3la 


Mature 
wood 


WT 


A 
E 


232.70±20.30c 
218.46d;7.62c 


0.979i0.025c 
0.923±0.012bc 


2.55±1.18b 
1.53±0.26a 


1.77±0.30a 
2.12±0.43a 




SPC 
201 


A 

E 


lS2.53±8.83a 
i57.0±11.45a 


0.911±0.050b 
0.919±0.042fac 


1.29±0.33a 
1.77±1.01ab 


1.93±0.458 
2.07d:0.65a 


PC02 1 

Pane 1— _ 

1 


0.000 
O.000 
0.000- . 


raOB 

0.677 
- -0.000.. „. 


0.470 
0.925 
0.792 . 


UtUUU 

0.32S 

0.868 - - 
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Claims 

2. TTie use according to c(afm Lwhemby said phenylcoumaranbenzylte ether 
5 reductase comprises SEQ id N' 2 oenzyiic ether 

a<=«»*<>fplMnyl«,umaranbenzylioelhBrreiluotase 
17. A aanetioaUy modllled plant acooniing to dalm 18 «»„^,„ . 
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18. A geneticaify modified plant according to claino 15-17, whereby said plant has 
an increased biomass. 

19. A genetically modified plant according to claim 18, whereby said increased 
biomass is increased stem biomass. 

5 20. A genetically modified plant wtiereby according to any of the claims 1 5-1 9, 

whereby said Increased biomass is obtained under elevated COz concentration. 

21. A genetically modified plant, according to any of the claims 15-20, whereby said 
plant has a lowered lignin content 

22. A genetically modified plant, according to any of the claims 15-21. whereby said 
10 plant has an increased resistance to plant pathogens. 

23. A genetically modified plant according to any of the claims 15-22. whereby said 
plant is a tree. 

24. A genetically modified plant according to daim 23, whereby said plant is a 
poplar tree. 

15 
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Abstract 

. ^^^"^ t'ovmwegufated, resulting 

unaer elevated CO2 concentrations. 
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SEQUENCE LISTTNG^^**"^^ 
<1W> Vlaans rnterwniversitair instltuut voor B^otechnologl. 
?^«>,^,-le 1" lisnmcatlon «d growth for plant pbenylcoumaran benzyHc ether 
<130> WBO/PCBER/130 
<160> 2 

<170> Patentin version 3.1 

<210t> 1 

<211> 1199 

<212> DNA 

<213> Populus balsamlfera subsp. trlchocarpa 

<220> 

<221> CDS 

<222> C5tt.,C977} 

<223> 



<400> 1 

gcacgagfltt aaacttccrt ggtttctttc atcaaa«aa attatctac, atg g« 

Met Ala 

85 St Sf S; JS 5S SfS g: 26 ?6; ifj §f 1^ »; 
S5|J 8f 8B H; Mf e« If J 15 5« » L 5g .g „j 

gf ^ IS gf ?s; ^ IS g; 5s gc ~ J g,; fu ^ 

^ SS SS 25 S; Sf 5 S5 ?S 2g IR IS ig 5g g J . 

sfi sj s; ^ X HI ^ s? sf » «. 

Iff 5fJ l|?;|f? js K |SI g; ifs ^ ||c j,cc 

«c «t .tc „, ^ ^ ^ ^ ^„ ^ 

Page 1 

i 



56 
104 
152 
200 
248 
296 
344 
392 



aa 

<210> 2 

<211> 30& 

<212> PRT 

<213> Populus balsamlfera subsp. tirichoearpa 



<400> 2 I ^^^^^ 

• Page 2 
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130 ST25 

lie Lvs Glu Ala <3ly Asn yal Lys Arg phe Phe pro Ser Glu Phe Gly 
100 lOS 110 

atg gat gtg gat cat gtc aat get gtt gag cct gca aaa act gca ttt 440 
Met ASP vaT Asp His yal Asn Ala val Glu Pro Ala Lys Thr Ala Pha 
115 120 125 130 

gca atg aag get cag att cga cgt gcc ate gag get gca qqq arc ccc dRR 
Ala Met Lys Ala Gin xle Arg A?g Xla lie Glu aU Ala G?y lU PrS 
135 140 145 



tac act tat gtg cct tec aac ttc ttt get gca tat tat etc ccc ara 
jyr Thr Tyr vaT Pro Ser Asn Phe Phe ai5 Ala jyr Tyr Le5 pvI Thr 
150 155 ^ 160 

ttg gca cag ttt gga ctt act get cct ccg aga gac aag ate acc ate 
Leu Ala Gin Phe 6ty Leu Thr Ala Pro Pro Arg ISp tys Xle Thr tie 
loD 170 175 

etc gga aat ggc aat gcc aag ttg gtt ttc aat aag gaa gat gac att 
Leu GTy Xsp 6Ty Asn Ala Lys Leu val Phe Asn lvs gIu Asp Asp lie 

185 190 

G?v Thr Thr ?iS Hi! 8!? acc ttg aac aag 

Giy Thr Tyr Thr lie Lys Ala val Asp Asp Ala Arg Thr Leu Asn Lys 
200 205 210 

S?5 5^ ^f^ ^9 asLC ace tac tea ttc aat gaa ctt 728 

Thr val Leu He Lys Pro Pro Lys Asn Thr Tyr ser Se Asn Glu Leu 
215 220 225 

P3» gag aaa aag att ggc aaa acc etc gaa aaa acc ttt 776 
He ASP Leu Trn Glu Lys Lys He cTy Lys Thr Leu Glu Lys Thr Phe 
230 235 240 

SS S?^ §?9 9ac ate caa gag tct ccg att ccg 824 

val pro Glu Glu Lys Leu Leu Lys Asp He Gin Glu ||r Pro lie Pro 

?fj ?S ?tJ F^^ 9cc etc gtt aat got gac 872 

lie Asn He val Leu ser lie Asn »is ser Ala Leu val Asn Gly asp 
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